Diffuse liver metastasis · Breast cancer · Acute liver failure Abstract Diffuse liver metastasis is a rare pattern of liver metastasis that is associated with hepatic failure and poor prognosis. We experienced 2 cases of acute liver failure due to diffuse metastasis that could not be detected using computed tomography. In case 1, it was difficult to differentiate diffuse metastasis from alcoholic hepatitis. In case 2, it was difficult to diagnose diffuse liver metastasis because the patient had no history of malignancy. When liver enzyme levels are elevated, it is necessary to consider liver metastasis as a potential cause, regardless of computed tomography findings.
Introduction
Diffuse parenchymal metastasis is a rare pattern of liver metastasis that is associated with hepatic failure and poor prognosis [1] . Radiological studies, including computed tomography (CT) and magnetic resonance imaging (MRI), are usually unable to identify diffuse parenchymal liver metastasis, making it difficult to reach the correct diagnosis. Here, we report 2 cases of acute liver failure due to diffuse metastasis that could not be detected by CT.
Case Reports

Case 1
The patient was a 56-year-old female with a history of alcoholic hepatitis and advanced right breast cancer pathologically confirmed as infiltrating carcinoma with bone metastasis. Estrogen receptor (ER) and progesterone receptor were positive; human epidermal growth factor receptor-2 was negative (score = 1). CT showed metastases of the bone and lymph nodes the day prior to initiation of treatment. The patient was treated with letrozole as initial endocrine therapy for 10 months and fulvestrant for 3 months as second line therapy. However, her bone metastasis progressed, and CT demonstrated the development of ascites. Her liver function test results were as follows: total bilirubin (T-Bil), 0.9 mg/dL [normal range, 0.2-1. Because we could not detect any abnormal hepatic findings by CT, drug-induced liver dysfunction was suspected, and weekly paclitaxel therapy was stopped. However, the liver enzyme levels continued to increase, and the patient developed malaise and ascites. Although CT was repeatedly performed, abnormalities of the liver parenchyma were not detected (Fig. 1) . Ascitic fluid cytology was negative. We diagnosed the patient with liver dysfunction due to alcoholic hepatitis, and the patient was admitted for the treatment of alcoholic hepatitis 1 month after the initial diagnosis of abnormal liver function tests (T-Bil, 3.0 mg/dL; D-Bil, 2.1 mg/dL; AST, 185 U/L; ALT, 87 U/L). Tolvaptan was started for decreasing the volume of ascites; despite this, the ascites volume increased and her liver function tests rapidly worsened (T-Bil, 13.6 mg/dL; D-Bil, 10.8 mg/dL; AST, 185 U/L; ALT, 87 U/L). The patient died 2 weeks after admission to our hospital. Necropsy was performed and revealed diffuse liver metastasis (Fig. 2) ; undifferentiated adenocarcinoma and signet ring cell carcinoma were detected. The tumor cells were positive for ER and gross cystic disease fluid protein 15, partially positive for cytokeratin 20, and negative for thyroid transcription factor 1. These results supported the diagnosis of metastatic breast cancer.
Case 2
A 51-year-old female patient presented to a primary care doctor with a one-month history of progressive malaise. Blood tests revealed elevated liver enzymes (T-Bil, 1.1 mg/dL; AST, 142 U/L; ALT, 176 U/L; creatinine (Cr) 0.55 mg/dL [0.4-0.8 mg/dL]). Contrast CT showed no evidence of liver disease. The liver enzyme levels continued to increase, and random biopsies were performed. Adenocarcinoma of unknown primary site was identified in all specimens. Due to rapidly declining consciousness, the patient was referred to our hospital. Blood tests revealed that liver enzymes worsened (T-Bil, 2.9 g/dL; AST, 346 U/L; ALT, 146 U/L; creatinine (Cr) 2.00 mg/dL [0.4-0.8 mg/dL]). The patient's Glasgow Coma Scale score was 10 (E2V3M5) on the day of admission to our hospital. CT was performed in our hospital and revealed only mild ascites. Aiming to determine the primary site of malignancy, left breast biopsy was performed and demonstrated infiltrating lobular carcinoma; tumor cells were negative for E-cadherin. The patient's liver function and renal function rapidly worsened (TBil, 3.2 mg/dL; AST, 301 U/L; ALT, 134 U/L; Cr 3.17 mg/dL) and dialysis was initiated; however, the patient's consciousness and organ function did not improve (T-Bil, 6.7 mg/dL; AST, 515 U/L; ALT, 231 U/L; Cr 5.64 mg/dL). The patient died 9 days after being transferred to our hospital.
Discussion
Here we present 2 cases of diffuse parenchymal liver metastasis secondary to breast cancer. The hepatic metastases were not detected by CT in both cases. Both patients died due to acute liver failure secondary to diffuse liver metastasis. Diffuse liver metastasis has a very poor prognosis [2] ; therefore, early detection, when possible, is required.
The liver is the most frequent site of metastasis for all tumors [3] . In breast cancer, the liver is also one of the major metastatic targets [1] . In general, the pattern of liver metastasis due to breast cancer most commonly consists of discrete nodules. In contrast, diffuse liver metastasis, as seen in our 2 cases, is rare; this pattern is relatively common with signet ring cell carcinoma of the upper gastrointestinal tract and infiltrating lobular carcinoma of the breast [4] . The cause of diffuse metastasis is reported to be inactivation of E-cadherin [5] . Ecadherin is a transmembrane glycoprotein that mediates cell-cell adhesion. There is an inverse correlation between E-cadherin expression and survival [6] . Both of our patients were diagnosed with breast cancer; in case 2, the tumor was diagnosed as infiltrating lobular carcinoma and was negative for E-cadherin. In case 1, while the diagnosis was primary breast carcinoma, signet ring cells were found in the liver at necropsy. Although signet ring cell carcinoma is often present as a component of gastric cancer, immunohistochemical staining revealed that the malignant cells were consistent with metastatic breast cancer. Thus, it is necessary to recognize the potential for discrepant tumor biology between the primary site and metastatic sites, since metastatic tumors may show alterations from the primary lesion.
In cases of diffuse hepatic metastasis, the most common clinical presentation is liver failure [4] . In our 2 cases, liver failure was the initial symptom suggestive of liver metastasis. There are many causes of acute liver failure, including viral infection, alcohol use, autoimmune disease, drug use, and tumors. In many cases, laboratory testing and radiological imaging are useful for the differential diagnosis. However, diffuse liver metastasis is difficult to diagnose by radiological imaging. Acute liver failure has a very poor prognosis; thus, optimal treatment is required as early as possible [7] . In the case of acute liver failure due to liver metastasis, many cases of patient death within 2 weeks from the development of acute liver failure have been reported [7] . For this reason, we suggest that liver biopsy should be performed within 2 weeks after the initial diagnosis of elevated liver enzymes, when other factors associated with liver disease have been excluded. Our patients also died soon following the diagnosis of acute liver failure. In case 1, the patient had a history of alcoholic hepatitis, and acute liver failure developed during the administration of paclitaxel; the patient was diagnosed with exacerbation of alcoholic hepatitis versus drug-induced hepatitis. However, we should have considered metastatic carcinoma in the differential diagnosis due to the patient's history of breast cancer.
During chemotherapy, acute liver failure is commonly attributed to drug side effect, and chemotherapy is stopped until the liver enzyme levels return to normal. However, in the case of acute liver failure due to diffuse liver metastasis, liver function will not improve with cessation of chemotherapy. We should thus consider the possibility of diffuse liver metastasis in patients receiving chemotherapy, in order to appropriately treat the underlying cause of liver failure.
The most important dilemmas with diffuse liver metastasis are the difficulty in determining the diagnosis based on imaging studies and the very poor prognosis. Radiological findings are not useful for the diagnosis of diffuse liver metastasis. When considering potential causes of acute liver failure, liver biopsy should be performed without hesitation after exclusion of other causes.
Conclusion
In conclusion, when liver enzyme levels are elevated, it is necessary to consider the possibility of liver metastasis, regardless of CT findings.
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